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The present invention concerns a method for generating cold and 
heat by magneto-calorific effect using at least one heat exchemger. 

It also concerns a device for generating cold and heat by magneto- 
calorific effect using at least one heat exchanger. 



Technical Domain 



[005] 



[006] 
[007] 



Prior Art 



Conventional cold generating devices usually comprise a 



compressor to compress a cooling fluid in order to raise its temperature and 
detainment means to decompress said cooling fluid in order to cool it. It 
has been determined that refiigerants currently used are highly polluting 
and their use causes considerable atmospheric pollution. Because of this, 
these refi-igerants are no longer responsive to current environmental 
protection needs. 

[008] Devices using magneto-calorific effect to generate cold are already 

known in the art. In particular, U.S. Patent No. 4,674,288 describes a 
helium liquefaction device comprising a magnetizable substance moving 
within a magnetic field generated by a coil and a helium reservoir in 
thermal conduction with said coil. The translational movement of the 
magnetizable substance generates cold that is transmitted to the helium 
through the intermediary of conductive elements. 

[009] French Publication No. FR-A-2 525 748 has as its objective a 

magnetic refi-igerating device comprising a magnetizable material, a system 
for generating a variable magnetic field, and a means for transferring heat 
and cold comprising a chamber filled with saturated liquid refiigerant. 



The magnetizable material generates cold in a position wherein the cold 
transfer means extract cold from the magnetizable material by condensing a 
refrigerant, and the magnetizable material generates heat in another 
position wherein the heat transfer means extract heat from the magnetizable 
material by boiling another refrigerant. 
[010] French Publication No. FR-A-2 586 793 concerns a device 

comprising a substance which produces heat when it becomes magnetized 
and produces cold when it is demagnetized and a means for generating a 
variable magnetic field, said means for generating a magnetic field 
comprising a superconductive coil and a reservoir containing a cooling 
element. 

[Oil] U.S. Patent No. 5,23 1, 834 comprises a magnetic effect heating and 

cooling device in which a magnetic fluid is pumped through the system. 
The fluid passes through a magnetic field generated by superconductive 
magnets or other means. When the fluid penetrates the magnetic field it is 
heated due to magnetization. 

[012] These systems are extremely unreliable in use and have no 

application to domestic use. Because of this, the systems cannot compete 
with current refiigeration systems. 

[013] Description of the Invention 

[014] The present invention proposes a method and a cooling device for 

overcoming the disadvantages of known systems, using no polluting 
refiigeration fluids and thereby eliminating the flaws in prior art systems. 

[015] This objective is achieved by the method described in the preamble 

and characterized by circulating a mixture of transmitting fluid containing 
particles consisting of at least a magneto-calorific material, a phase-change 
material, a superconductive material, or a mixture of such materials within 
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a principal circuit consisting of a first heat exchanger and a second heat 
exchanger connected in series, in that a magnetic field is generated in said 
first heat exchanger using a magnetic means associated with said first heat 
exchanger, in that the second heat exchanger is maintained outside said 
magnetic field in order for said particles to undergo a rise in temperature 
when they pass through the magnetic field and undergo cooling when they 
leave the magnetic field, in that heat is extracted from said first heat 
exchanger using a hot circuit, and in that cold is extracted from said second 
heat exchanger using a cold circuit. 
[016] Advantageously, said transmitting fluid may be in either the liquid 

or gas state. 

[017] According to a first preferred embodiment of the invention said 

transmitting fluid is a heat-transmitting liquid. 
[018] According to a second preferred embodiment of the invention, said 

transmitting fluid is a nano-fluid. 
[019] According to another embodiment of the invention, said transmitting 

fluid is a suspension. 
[020] Said transmitting fluid may also be a multifunctional type fluid. 

[021] In a particularly advantageous embodiment, said particles of 

magneto-calorific material consist of one single material. 
[022] Said particles are preferably spherical in shape and their average 

dimension ranges from 10 \im to 1000 ^m. 
[023] Interestingly, said particles may have different shapes and 

dimensions. 

[024] The most highly effective method insulates the second heat 

exchanger from the magnetic field generated in the first heat exchanger. 



3 



[025] In a particularly advantageous manner, the mixture in the principal 

fluid circuit and the hot fluid circuit and/or cold circuit circulate in opposite 
directions, respectively through said first and said second heat exchanger. 
[026] According to another advantageous embodiment, a mixture of heat- 

transmitting fluid and particles consisting of at least one superconductive 
material circulates through a principal circuit consisting of a first heat 
exchanger connected to a second heat exchanger, a magnetic field is 
generated in said first heat exchanger using magnetic means associated 
with said first heat exchanger, said mixture circulates through the second 
heat exchanger situated outside said magnetic field so that the particles of 
superconductive material undergo a temperature increase when they pass 
through the magnetic field to heat said mixture in said first heat exchanger, 
and they undergo cooling when they leave the magnetic field to cool said 
mixture in said second heat exchanger; heat is extracted fi-om said first heat 
exchanger using at least one hot circuit, and cold is extracted firom said 
second heat exchanger using at least one cold circuit. 
[027] This objective is also realized by the device described in the 

preamble and characterized in that it comprises: 
[028] a principal circuit consisting of a first heat exchanger and a 

second heat exchanger connected in series, through which there 
circulates a mixture of a transmitting fluid containing particles 
consisting of at least a magneto-calorific material, a phase-change 
material, a superconductive material, or a mixture of such materials; 
[029] magnetic means designed to generate a magnetic field in said 

first heat exchanger so that the particles undergo a temperature rise 
when they pass through said magnetic field and undergo cooling 
when they leave the magnetic field; 
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[030] a cold circuit connected to said first heat exchanger; and 

[031] at least one cold circuit connected to said second heat 

exchanger. 

[0321 According to an advantageous embodiment, said magnetic means 

comprises permanent magnets. 
[033] According to another embodiment, said magnetic means comprises 

electromagnets . 

[034] In certain applications, said magnetic means generate a variable 

magnetic field. 

[035] According to a first specific embodiment of the invention, the first 

heat exchanger comprises an exterior envelope and interior conduits, said 
interior conduits serving as a vehicle for said heat-transmitting fluid in the 
hot circuit submerged in the mixture of transmitting fluid and particles 
fi-om the principal circuit and said magnetic means constituting the exterior 
envelope of the heat exchanger. 

[036] According to a second specific embodiment of the invention, said 

first heat exchanger comprises an exterior envelope and interior conduits, 
said interior conduits serving as a vehicle for a heat-transmitting fluid in 
the hot circuit and submerged in the mixture of transmitting fluid and 
particles in the principal circuit and said magnetic means constituting a 
portion of the exterior envelope of the heat exchanger, the other portion 
consisting of a tube concentric to the magnetic elements. 

[037] According to a third specific embodiment of the invention, said first 

heat exchanger comprises an exterior envelope and interior conduits, said 
interior conduits serving as a vehicle for said heat-transmitting fluid in the 
hot circuit submerged in the mixture of transmitting fluid and particles 
fi:om the principal circuit and said magnetic means constituting the walls of 
the interior conduits. 
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[038] According to a fourth specific embodiment, said first heat exchanger 

comprises an exterior envelope and interior conduits, said interior conduits 
serving as a vehicle for the mixture of heat-transmitting fluid in the hot 
circuit submerged in the mixture of transmitting fluid and particles from the 
main circuit, and said magnetic meems constituting a portion of the walls of 
the interior conduits of the heat exchanger, the other portion consisting of 
tubes concentric to the magnetic elements disposed inside the tubes. 

[039] Descriptive Summary of the Drawings 

[040] The advantages of the present invention will be more apparent from 

the following description of the various embodiments thereof, with 

reference to the attached drawings, wherein: 
[041] Figure 1 is a schematic view of one advantageous embodiment of 

the device of the invention; and 
[042] Figures 2A, 2B, 2C and 2D are transverse cross-sections of specific 

designs for the first heat exchanger of the device in Figure 1 . 

[043] How to Achieve the Invention 

[044] With reference to Figure 1, device 10 is a schematic representation 

comprising a first heat exchanger 1 1 connected in series with a second heat 
exchanger 12 to form a principal circuit 13 through which there circulates a 
mixture consisting of a heat-transmitting fluid and particles of at least one 
magneto-calorific material. The first heat exchanger 1 1 is associated with a 
magnetic means 14 which generates a magnetic field in said first heat 
exchanger 11. Its walls are designed to exert no influence on the magnetic 
field generated and the magnetic field is preferably essentially identical on 
the interior and the exterior of said first heat exchanger 1 1 . Magnetic 
means 14 consists of permanent magnets, either electromagnets or any 
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other device capable of creating a magnetic field. It is possible to have a 
magnetic means 14 which generates a constant magnetic field or a variable 
magnetic field. In the latter case the system is adapted to suit its intended 
purpose. Magnetic elements 14 are arranged so that first heat exchanger 1 1 
is totally subjected to the magnetic field generated and the second heat 
exchanger is arranged so as to be outside the magnetic field. Any type of 
suitable insulation can be used to accomplish this and provide magnetic 
insulation for second heat exchanger 12. 
[045] Device 10 comprises a first circuit called "hot circuit 15" in which a 

heat- transmitting fluid is preferably circulated in order to use the heat 
produced by the magneto-calorific effect, said first circuit being associated 
with said first heat exchanger 1 1 . It also comprises a second circuit called 
"cold circuit 16" through which a heat-transmitting fluid is preferably 
circulated to utilize the temperature lowering associated with the magneto- 
calorific effect, said second circuit being associated with said second heat 
exchanger 12. 

[046] A pump 17 is attached to the principal circuit 13 to circulate the 

mixture of heat-transmitting fluid and particles through heat exchangers 1 1 
and 12. Hot circuit 15 and cold circuit 16 are conventional utility circuits 
respectively used for heating and cooling spaces or enclosures depending 
upon the application. 

[047] The mixture circulating through principal circuit 13 may consist, for 

example, of a mixture of heat-transmitting fluid in the liquid or gas state 
preferably having high thermal conductivity and particles consisting of 
either one or more magneto-calorific materials, either phase-change 
materials or superconductive materials. The fluid is called transmitting 
fluid and serves as a vehicle for particles of one or several different t>pes. 
Actually, the particles transported by the transmitting fluid may be mixtures 
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of magneto-calorific particles and phase-change particles or even 
superconductive particles. The transmitting fluid may also be a nano-fluid, 
a suspension, or any other multifunctional type of fluid. The various 
particle structures that are possible will be described in greater detail 
below. 

[048] The particles may be any shape and any size. They may be the same 

shape and size or different shapes and sizes. However, for the mixture to 
have the best dynamic characteristics, the particles are preferably small in 
size. The average size preferably ranges from 10 to 1000 micrometers. 
The mixture may be either a homogeneous or a heterogeneous one. The 
proportion of particles in the mixture is defined to allow the mixture to 
remain fairly fluid and circulate freely within principal circuit 13. For that 
reason, this proportion preferably does not exceed 40% of the mass of the 
mixture and preferably ranges from 15% to 40% of the mass. 

[049] The operation of device 10 is based upon the method in which, 

when magnetic elements 14 generate a magnetic field in first heat 
exchanger 1 1, the particles located in this first heat exchanger 1 1 become 
magnetized and no longer entropic. Because of this, they undergo a rise in 
temperature and the heat generated is transmitted by heat exchange to the 
heat transmitting fluid in which these particles are suspended. The entire 
mixture located in first heat exchanger 1 1 subjected to the magnetic field 
therefore undergoes a rise in temperature. This heated heat-transmitting 
fluid may be used in utility circuit 15 for any application whatsoever. 

[050] The operation of device 10 is based upon the method in which, 

when magnetic elements 14 generate a magnetic field in first heat 
exchanger 1 1, the particles located in this first heat exchanger 1 1 become 
magnetized and no longer entropic. Because of this, they undergo a rise in 
temperature and the heat generated is transmitted by heat exchange to the 
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heat transmitting fluid in which these particles are suspended. The entire 
mixture located in first heat exchanger 1 1 subjected to the magnetic field 
therefore undergoes a rise in temperature. This heated heat-transmitting 
fluid may be used in utility circuit 15 for any application whatsoever. 

[051] As they leave the magnetic field generated in first heat exchanger 

1 1, the particles in the mixture undergo demagnetization and are cooled. 
The heattransmitting fluid in the mixture located near these particles 
undergoes cooling. The entire mixture leaving the magnetic field 
undergoes cooling. The cooled mixture enters second heat exchanger 12 
and the cold thus produced may be used for any application whatsoever. 

[052] Principal circuit 13 is provided with a flow regulating means (not 

shown) for conveniently regulating the flow of mixture through the circuit. 
Device 10 fiinctions optimally when the particles flow at a rate that 
prevents sedimentation and keeps them in suspension in the mixture for 
circulation through first and second heat exchangers 1 1 and 12. When 
device 10 is used in space applications, the device is in a weightless state 
and the mixture in principal circuit 13 is no longer subjected to flow 
constraints. Therefore their parameters are defined so as to optimize cold 
and heat generation. 

[053] With reference to Figure 2A, heat exchanger 1 1 comprises an 

exterior envelope 11a and interior conduits lib located inside said exterior 
envelope. Interior conduits lib serve as vehicles for heat-transmitting 
fluid 15a firom the hot circuit and are submersed in the mixture of 
transmitting fluid and particles 13a in principal circuit 13. In this 
embodiment, magnetic elements 14 constitute exterior envelope 11a of heat 
exchanger 11. 

[054] With reference to Figure 2B, heat exchanger 1 1 comprises an 

exterior envelope 11a and interior conduits lib located inside said exterior 
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envelope. Interior conduits lib serve as vehicles for heat transmitting fluid 
15a from the hot circuit and are submersed in the mixture of transmitting 
fluid and particles 13a in principal circuit 13. In this embodiment, 
magnetic elements 14 constitute the exterior portion of the exterior portion 
of envelope 1 la of the heat exchanger, while the interior portion of this 
envelope consists of a tube He concentric to magnetic elements 14. 

[055] With reference to Figure 2C, heat exchanger 1 1 comprises an 

exterior envelope 11a and interior conduits lib located inside said exterior 
envelope. Interior conduits lib serve as vehicles for heat-transmitting 
fluid and particles 13a from the principal circuit and are submersed in heat- 
transmitting fluid 15a from the hot circuit. The magnetic elements 14 in 
this embodiment constitute the walls of interior conduits lib. 

[056] With reference to Figure 2D, heat exchanger 1 1 comprises an 

exterior envelope 11a and interior conduits lib located inside said exterior 
envelope. Interior conduits 1 lb serve as vehicles for the mixture of 
transmitting fluid and particles 13a from principal circuit 13 and are 
submersed in heat transporting fluid 15a from the hot circuit. The 
magnetic elements 14 in this embodiment constitute the exterior portion of 
the walls of interior conduits lib of heat exchanger 11, with the interior 
portion of these conduits being formed of tubes lid concentric to the 
magnetic elements and located inside them. 

[057] The particles of magneto-calorific superconductive or phase-change 

magnetic materials may have different intemal structures. There are 
available in the industry several magneto-calorific materials, either 
superconductive or phase-cheinge, that are compatible with the 
environment, as well as various non-polluting heat-transmitting fluids, all 
of which are suitable for use with the method of the invention. 
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[058] The method and the device of the invention can be used in industry, 

restaurants, the food industry, heating, ventilating and air conditioning 
systems, refrigeration units for household use and air conditioners, heat 
pumps, automobiles, trains, planes, space vehicles, etc. 

[059] Furthermore, several cascading devices can be connected to increase 

the efficiency of a unit serving several purposes. 
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